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The present invention relates to a method of subtrac-
tion and a subtractor assembly for introduced terms and
a result emitted in the form of coded impulses. Each
of the terms of the subtraction is assumed to be repre-
sented in known manner by a number of impulses, each
of which is emitted at one of a series of characteristic
instants forming a regular timed sequence, each having
a conventional value, these instants being, for example,
materialised by a corresponding series of impulses known
as timing impulses. By way of illustration, it will be as-
sumed, without thereby limiting the invention, that these
instants can be grouped in successive sets of four having
as conventional values 1.10%, 2.10%, 4.10%, 8.10%, & taking
the successive values 0, 1, 2. . . etc., from the origin of
the times (this method of representation being called
semi-binary for the sake of simplicity).

~ The invention has for its object to provide a subtrac-
tor assembly for terms in the form of coded impulses of
the aforesaid type, which is designed always to supply,
as result, the absolute value of the difference of the two
terms introduced into the said assembly, the inputs for
the introduction of these terms being allocated thereto
independently of the relative magnitude, and if desired
to furnish the indication of the sign of the said difference.

In other words, the invention has for its object to pro-
vide a subtractor assembly operating with automatic
rectification of the difference.

The invention also has for its object to provide a.

method of subtraction for obtaining the absolute value

of a difference, which consists in using an arithmetical

subtractor for coded impulses (which normally supplies
a correct result provided that the smaller number is de-
ducted from the larger number), associated with an im-
puilse-circulation line, and in operating in two phases;
namely a first phase in which the two numbers to be sub-
tracted one from the other ate introduced into the arith-
metical subtractor by predetermined inputs, without re-
gard to their relative magnitudes, and a second phase in
which, as a function of a special characteristic which may
appear at the units figure of highest order, such as a
value 9, or 15, or a carry-over, the resuit obtained in-the
first phase is stored, or a new operation gives the absolute
valite sought, preferably by rectification of the result ob-
tained in the first phase.

The invention accordingly also has for its objcct to
provide a subtractor assembly comprising an arithimetic
subtractor associated with an impulse-circulation line,
means adapted to detect the appearance of the said char-
acteristic at the units figure of highest order in the result,
and to modify the circulation of the impulses under the
control of the said means.

The invention further concerns a. so-called subtractor
assembly of the type specified, which is composed of
electronic trigger circuits, delay lines and electronic
switches or the like.

The invention finally concerns a. subtractor: for' terms:

represented by impulses on-the binary notation' system;
which is of novel type and has the advantage that it com-
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prises only two electronic trigger circuits, two electronic
switches of the like and four delay elements.

The invention will be more readily understood by ref-
¢érence to the accompanying drawings, in which:

Figure 1 is a circuit diagram illustrating the principle
of the assembly according to the invention, and

Figure 2 is a diagram illustrating the construction of
an assembly according to the invention, which operates
with electronic trigger circuits.

In order that the invention may be readily understood,
the subtraction A—B of the introduced terms, for ex-
ample with A4=1270 and B=453, will be introduced,
The capacity of the circulation system in which the sub-
traction is to be effected will be assumed for the sake
of simplicity to be 6 figures, and the operation is there-
fore expressed as follows:

001270
—-000453
000817
it being understood that the subtraction takes place in
the. arithmetical subtractor by successive groups. corre-
sponding to the different unit orders commencing with
the lowest order (3 and 0). The number 817 thus ob-
tained represents the absolute value of the difference, and.
the sign of this difference may be assumed to be 4 (A
greater than B)
If the subtraction 4—B with A=453 and B=1270
is now considered, the operation is expressed as follows:
000453
—-0012790
999183
and a carry-over occurs at the sixth place, which was
notso in the previous case.

The value thus found for the result is not the true
value, which is 817. According to the invention, a cor-
rection is made to the provisional result by the follow-
ing operation:

000000
—-999183
000817
again with: the preduction of a carry-over at the sixth
place. ;

As characteristic permitting of detecting that the pro-
visional difference must be corrected, and of controlling
the correction, it is possible to use the fact that the last
figure to the left is a 9. This figure could therefore be
detecteéd and compared with 9, and the result of the com-
parison, or the two impulses of values 1 and 8 forming
this figure in semi-binary representation, could be utilized
to actuate the correcting member.

Another characteristic which may be employed is the
eémission of the carry-over. This carry-over takes place,
in the case where the correction is necessary, both at the
eénd of the second phase and at the end. of the first phase.
It may therefore be used both to initiate the correction
and to stopit.

Consequently, the device according to the invention, in:
its more advantageous form, (1) detects during a first
operating phase, that a carry-over is going to occur in
the last place to the left, (2) utilises the result of. this
détection to control the storage of the result, for example-
in the circulation loop passing through the upper input

-of the arithmetical subtractor (input corresponding to

the figure A), or the correction, preferably by introduc-
tion into the lower input of the arithmetical subtractor
(input corresponding to the figure B) of the provisional
difference obtained in the first phase, and (3) stops or
cancels thé carry-over in the last place,

It is to be noted that it would be possible without™ de-
paiting:from-the: scope of the invention; instéad of start-
ing: with-the ‘provisiocnal ‘result supplied by the-first' phase,
to cancel the result, if necessary, under the control of the
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characteristic detected in the last figure to the left of
the result, and to recommence the operation, the terms
being permuted in order to enter thém into the subtrac-
tor.. This method is not ‘preferred, because the opera-
tions to be performed are in fact more complicated and
more- difficult to control, and in addition it implies a
longer stoppage of the memories containing the starting
terms, while with the previously mentioned device they
can be emptied once and for all in the subtractor.

Figure 1 shows in conjunction with the foregoing how
it is possible to carry the invention into effect. Theére
arrive at the terminals a and b the impulses representing
in coded form the terms to be subtracted, which are
extracted for example from circulation memories com-
prising loops formed of delay elements and regenerators,
or of static memories composed of a series of electronic
triggers or flip-flops, or of magnetic drum-type memories,
etc. - The said impulses arrive at the inputs ¢’, b’ of the
subtractor S through the connections provided . for. this
purpose.

The inputs «’ and b’ and the construction of the sub-

tractor S are so designed that A is larger than B, failing
which the result supplied by the subtractor would have
no practical signification, apart from the rectification. to.
be effected in accordance with the invention. The sub-
tractor supplies to a delay line L and the circulation loop
is closed by a’ or b" according to which of the two switches
G1 and G2 (electronic switchés or gate of any known
type) is closed, if necessary with the inter-position of
regenerators (not shown). A being first of all assumed
to be greater than B for the purpose of explaining the
operation, it is necessary for G1 alone to be closed in
order that, once the introduction of the terms into the
subtractor ‘has been completed, the result emitted by
the Jatter can be retained as long as is desired in the
circulation loop comprising S and L. On the other
hand,” if A, which is always introduced through «’, is
smaller than B, the result is of the type in which the last
figure to the left is a 9 (see the foregoing numerical ex-
ample) and does not signify an arithmetical difference.
For this reason, ‘when the introduction has been com-
pleted G2 alone must be closed, and the impulses of
the provisional result applied during only one circuit to
the terminal 4, the terminal &’ receiving nothing,  that
is to say, zeros. The device then effects the. subtraction
from zero of the provisional result supplied in the first
phase, and thus rectifies this result, which may then be
kept in the loop S—L—G1—a’. It is therefore necessary
to control the state of the switches G and G2 by means
of a device D for detecting 9 or for detecting the carry-
over which will be formed, sensitised by a control T1
only at the instant corresponding to the passage of the
last figure to the left. As has been explained, it is also
necessary to stop the carry-over in the last place, and
for this: purpose a special control is provided at T2.
- Although the arrangement described is preferred in
carrying the invention into effect, numerous modifications
may be envisaged. In particular, when the result need
not be rectified, or need no longer be rectified, it is pos-
sible, instead of returning it to «’, to despatch it through
a” to a storage memory. . The result can thus be recti-
fied in another subtractor by passing it through 5" if the
subtractor S is required at this instant.

Figure 2 shows by way of illustrative example and in a
more detailed manner how the invention can be carried
into effect: The subtractor is here formed of two. partial
subtractors of similar- type which are each adapted to op-
erate correctly on ferms written on the binary notation
system. The: utility of the association of these two sub-
tractors for semi-binary numbers will hereinafter be ex-

plained. It is first necessary to explain the construction

and the operation of one of the subtractors, for example
of S1. -

Such a subtractor comprises two electronic trigger cir- -

cuits 1 and 2, four delay elements 3, 4, 5 and 6 and two
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gates 7 and 8, the whole being mounted as indicated and
adapted to supply, at the output of the gate 7, impulses
representing the difference between the terms A -and B,
expressed in binary form by preferably negative impulses
applied to the terminals « and b, which impulses coincide
with some of the regularly recurring timing impulses sup-
plied to the terminal T. The electronic trigger circuits
1 and 2 may be of any known type having two equally
stable states of equilibrium into which they pass alter-
sately under the influence of the applied impulses. They
may be, for example, of the type described in French
Patent No. 994,531 of the July 17, 1949. It is.stated in
this patent, in particular, that such a trigger circuit may
have two types of inputs, one called the “symmetrical”
input, through which an impulse applied to the input
always causes the trigger circuit to change from one
state of equilibrium to the other, and at least one other,
calied the “asymmetrical”™ input, through which an ap-
plied impulse can only cause the trigger circuit to change
over when it is in a particular one of the two possible
states of equilibrium.. The impulses from A arrive at an
asymmetrical input, as also do the timing impulses T,
while those applied by b arrive at a symmetrical input.
The gates 7 and 8 are conductive for only one of the

5 two states of equilibrium of the trigger circuit and are for

this purpose controlled by a voltage set up at an appro-
priate point, for example at the plate of one of the two
valves of the trigger circuit. They may be of any ap-
propriate form, for example of the type comprising an
electronic valve. The impulses arriving through the ele-
ment 5 are carry-over impulses. It is stipulated that the
magnitude of the delay ¢ is at most equal to one-fifth of
the binary period, the values of the delays of the elements
3,°4, 5 and 6 preferably being those plotted on the draw-
ing or in the neighbourhood thereof (¢, 3¢, 4¢, 2¢). In
fact, as will be seen, ¢ is made equal to p/6 (one-sixth
of the binary period).

It is recalled that the different possible cases for im-
pulses of the terms A, B and of ‘the carry-over R which
are applied are the following for a subtraction in the
binary system.

I|II| X[ IV | V| VI | VII|VOI
0 1 0 1 1 0 1 4}

0y 0 1 110 1 1 0

0y 0 0 ol 1 1 1 1
"0l 1 1 01 0 0 1 1
01 0 1 0] 0 1 1 1

a 0 indicating the absence of an impulse and a 1 indi-
cating the presence of an impulse, and also representing
the values 0 and 1 in the binary system. At each char-
acteristic instant, in coincidence with a timing impulse,
there is or is not produced in the subtractor considered
a carry-over impulse (carry-over emitted) which must
be:I applied to the input of the subtractor one binary period
p later.

The construction and operation of the said substractor
will be more readily understood by considering succes-
sively the different cases which have been included in the
foregoing table.

Case 1—Since no impulse is applied to the inputs,
apart from the timing impulse, the latter determines the
state of the trigger circuits in which the gates 7 and 8
remain blocked. Subsequently at the end of the binary
period no impulse leaves the subtractor and no carry-
over impulse is emitted.

Case II.—An impulse is applied only to a. Therefore,
at the end of the period, the gate 7 is conductive and
emits an impulse (the difference=1). At the end of
the time ¢ after the characteristic instant of the commence-
ment of the period, the trigger circuit having changed
over, an impulse is emitted and applied through the con-
nection 9 to the trigger circuit 2, which changes over.

-
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However, the latter is returned into the inoperative posi-
tion by the timing impulse at the time 2t Therefore,
at the end of the period, the carry-cver emitted is zero,
since the gate 8 is blocked.

Case 111.—An impulse is applied only to b. The dif-
ference is equal to 1 as before, However, as regards
the carry-over, since the delay of the element 4 is 31,
while that of the element 6 is 2¢, the timing impulse is
the first to arrive at the trigger circuit 2. It therefore
first fixes the gate 8 in the blocked position, since the
impulse arriving through the connection 9 renders the
trigger circuit 2 conductive. A carry-over is therefore
emitted at the end of the period.

Case 1V.~—An impulse is first set up at 4, and then
another at b. The trigger circuit 1 therefore changes over
twice and the gate 7 remains blocked at the end of the
period (the difference equals 0). The first change-over
of the trigger circuit at the time ¢ produces the emission
of an impulse at the connection 9, and the trigger cir-
cuit 2 changes over. It is returned to the inoperative
state by the timing impulse. The second change-over of
the trigger 1 does not produce any impulse emission at
the connection 9. There is therefore no carry-over
emitted.

Case V.—An impulse is first set up at «, then a carry-
over impulse. This case is identical with the previous
case; except that the said second change-over takes place
at the time 4¢ instead of at the time 3¢ (the times being
calculated: with respect to the commencement of the
binary period). It.is to be noted that the term B and
the carry-over R play a symmetrical part. The values
of the delays of the elements 4 and 5 could be permuted.

Case VI—Two impulses belonging to B and R are
applied successively in the period. The trigger 1 changes
over twice. Consequently, the gate 7 is blocked and the
difference is zero. The impulse produced at the con-
nection. 9 at the time of the first change-over, i, e. at
the time 3¢ finds the trigger circuit 2 in the inoperative
state (if it were not so, it has been changed thereto at
the time 2¢ by the timing impulse). The trigger circuit
2 therefore passes into the operative state and the gate
8§ is conductive, A carry-over impulse is emitted. The
second change-over of the trigger circuit I does not result
in an impulse being set up at the connection 9, as already
stated.

Case V1I—Three impulses belonging to A, B and R
are successively applied. Until the time 37 the phe-
nomena are the same as for the case 1V, and the carry-
over impulse is then applied at the time 4¢. The latter
changes over the trigger circuit 1, and also the trigger
circuit 2, since an impulse is produced by the connection
9 this time. The results are therefore the reverse of
those of case IV (difference and carry-over emitted are
Z€ro).

Case VIIL.—The carry-over impulse is applied. The
trigger circuit 1 passes into the operative- position and
unblocks the gate 7. An impulse is therefore emiited
at the end of the period, representing the difference. In
addition, the impulse emitted at the connection 9 at the
time of the change-over of the trigger circuit 1 causes the
trigger circuit 2, which has been inoperative at least since
the time 2¢ owing to the timing impulse received, to change
over into the operative position. The results are there-
fore the same as for case VIL

1t will therefore be seen that the results are as indicated
in the foregoing table, that is to say, that the subtractor
according to the invention functions correctly for binary
terms. It is to be noted, and this will be useful in the
following, that the carry-over impulse to be emitted is
potentially formed at the tite 3¢ or at the time 4z if the
trigger circuit 2 is in the operative position at this
instant. :

For terms: represented: on the semi-binary system and
entering such.a subtractor, 2 correction may. (or may not)
have to be made on each figure of the result. In fact,

10

15

20

25

30

35

40

50

60

65

70

£

if two figures which are to be subtracted one from the
other, for example 4-and 7, are introduced into the sub-
traction in such manner that the smaller is subtracted
from the larger, for example 7—4=3, it is clear that
the result (3) will be lower than 10, since the two figures
from which it is derived (7 and 4) are themselves lower
than 10. If the reverse is the case (the larger is sub-
tracted from the smaller, i. e. 4--7), the subtractor will
automatically borrow from the higher binary order,
which is 16 in the binary system. It will therefore per-
form 4-+16—7==13 in the numerical example chosen, and
in such a case a carry-over representing the borrowed
value 16 is produced. On the other hand, in the usual
decimal operation, the higher decimal order is borrowed
from. In the foregoing numerical example, the opera-
tion is 44+10—7=7. It will be seen that in order to
obtain the true figure (7) it is sufficient to deduct from
the provisional figure first obtained (13) the quantity
6=16—10 (difference between the bases of the two sys-
tems), controlling this subtraction by the presence of a
carry-over at the end of the semi-binary period.

In accordance with the invention, this operation pref-
erably takes place in a subtractor S2, which is advanta-
geously of the same type as SL. (It will also be possible
to store impulses of value 6 for each decimal order in
which a carry-over is produced at the end of a semi-
binary period, for example in a circulation memory,
and to use the same and only subtractor in an additional
operating phase.) This subtractor comprises two trigger
circuits 1@, 11, two gates 12, 13 and delay elements,
of which one 14, correspends to the term A in the sub-
tractor S1, another, 15, to the timing impulse, and an-
cther, 16, to the internal carry-over. The operation of
S2 is the same as that of S1. A particular feature;
however, resides in that the term corresponding to B is
always composed of figures 6 and 0, the first being de-
rived from the internal carry-over of Sl at the time of
value 1 of each semi-binary period through the connec-
tion 17, the gate 28 open at this instant (and therefore
at every fourth binary period), the delay element 18 of
delay value 9¢, and a branch permitting of setting up
two impulses, one of value 4, by means of the delay ele-
ment 19, of delay value 6z, and the uni-directional cell
20, and the other of value 2 by means of the uni-direc-
tional cell 21.

The impulse obtained at the output of S2 passes into
a delay line 22 and then through one of the gates 23, 24
(identical to L and G1, G2 of Figure 1) in order to
return to the subtractor.

The conductive or blocked conditions of the two gates
33, 24 are controlled by a trigger circuit 25 which is in
turn actuated by impulses emitted by the trigger circuit
2 and through the gate 26. It is recalled that the
carryover is potentially produced at the time 3t or 4¢
after the origin of each binary period by the operative
state of the trigger 2, which renders the gate 8 conduc-
tive-at the end of the same period, that is to say, at the
time 6¢. )

1f it is assumed that a 9 is produced with carry-over
for the last figure to the left of the resulis, this will be
equivalent to stating that the operation 16—1==15 pro-
duces a 15 in S1 comprising four impulses four impulses
of values 1, 2, 4, and & (for this reason, the detection: of
2 15 in ST could also be utilised to control the rectifica-
tion) and that this fourth impulse will be followed by
a carry-over: At a time 57 after this impulse of value §,
and while this carry-over is potentially stored in the
trigger 2, as- hereinbefore stated, an external source
applies to the terminal T(n4-57) a special timing impulse
which is thus only produced at every np, n being- the
aumber of figures which can be contained in the loop,
§1-—S2—22. - This impulse causes the trigger circuit 2
to change over, the effect of which is on the one hand:
to block the gate 8. (so that the carry-over is suppressed)
and on the other hand to send to the gate 26 the desired
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control impulse, which can pass if the said special tim-
ing impulse is sufficiently wide in relation to the change-
over time of the trigger circuit 2.

The mechanism for the actuation of the trigger circuit
25 also operates in the case of the second operating
phase, although there is produced this time, at the last
figure, 16—10==6 and: a carry-over (potentially) which
permits of obtaining a new change-over, but in the op-
posite direction, of the trigger 25.

At 27 there is shown a neon valve attached to the. said
trigger circuit, which conventionally translates the sign
of the result of the operation, but it is obvious that the
sign may be recorded or retained in any known manner.

The invention is obviously applicable to accounting ma-
chines controlled by perforated cards, in which two
variable elements in a series of cards passing successively,
the relative values of which are unknown a priori, must
be subtracted. It is clear that with the method and with
means similar to those of the present invention it is
unnecessary first to compare the relative values of two
numbers' (read on the cards and transferred into mem-
ories in known manaer) in order to effect the subtraction,
and that it is possible to enter the sign of the difference
automatically in each card by means of a special mark.

. With regard to the construction of a subtractor as-
sembly capable of supplying the -absolute value of the
difference, and if desired the sipn thereof, regardless. of
the manner in which the initial terms are entered, many
different forms are possible within the scope of the in-
vention which differ from the specific construction here-
inbefore described purely by way of illustration. by ap-
plying the principles given for the method according to
the invention, and if ‘desired certain features of the. said
specific construction.

What is claimed is:

1. In an electronic computing apparatus having a pulse
circulation loop including a time delay element and
an electronic subtractor the latter being adapted to sub-
tract a subtrahend term (B). from a minuend term (A)
without regard to the relative magnitude of said terms,
each term represented by a serial train of pulses in coded
group form, the successive positions in each group rep-
resenting the value of successive digits of the binary
series, a switching device and connections normally for
connecting an output terminal of said delay element to
a minuend input of said subtractor during a first circula-
tion cycle, this cycle corresponding to a determined num-
ber of pulse groups, and detection means connected to
an intermediate point of said subtractor to detect whether
a carry pulse is produced at that point for the latest posi-

tion of the final group during said first. circulation cycle, -

said dctection means controlling said switching device
and connections, upon such a detection, so. that said
output of the delay element will be disconnected from
said minuend input and connected to a subtrahend input
of said subtractor during a second circulation cycle.
2.'In an electronic computing apparatus of the type
having a pulse circulation loop including a first time delay
element and an electronic substracting device, the latter
being adapted to subtract a substrahend term (B) from a

minuend term (A) without regard to the relative magni- .

tude of said terms, each term represented by a serial
train of pulses in caded group form, the successive posi-
tions in each group represénting the value of successive
digits of the binary series, said subtracting device com-
prising a first binary subtractor and a second binary sub-
tractor, each with means for producing carry pulses, the
second subtractor receiving through another delay ele-
ment uncorrected pulse groups of the difference 4—B
from said first subtractor, carry detection means con-
nected to an output of said first subtractor for detecting
any carry pulse produced at the end of an uncorrected
pulse group, and adapted to control the introduction of
filler pulses into the second subtractor with substantially
a delay :of one pulse ‘group, whereby the pulse groups
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passed by the second subtractor onto said first delay ele-
ment represent the corrected difference 4—B, a switching
device and connections normally for connecting the out-
put terminal of said first delay element to a minuend in-
put of said first subtractor during a first circulation cycle,
this cycle corresponding to a determined number of pulse
groups, and further carry detection means connected to
said first subtractor to detect whether a carry pulse is

produced for the latest position of the final group during -

said first circulation cycle, said detection means controlling
said switching device and connections upon such a detec-
tion, so that said output of the first delay element will be
disconnected from said minuend input and connected to a
subtrahend input of said first: subtractor during a second
circulation cycle.

3. Electronic computing arrangement for calculating
the true value of the difference between two decimal num-
bers without regard to the relative magnitude of said
numbers, each number being represented by a serial train
of pulses in binary coded group form, the successive posi-
tions in each group representing the value of successive
digits of the binary -series, this arrangement having a
time delay network associated with a decimal subtracting
device to form a pulse circulation loop, said subtracting de-
vice including a first binary subtractor with a minvend
input, a subtrahend input and a carry output, a second
binary subtractor and 6-correcting means for controlling
the second subtractor to correct by a subtraction of 6
any pulse group at the end of which a carry pulse oceurs
in the first subtractor, a circuit control device and con-
nections associated thereto normally to connect operatively
an putput terminal of said delay network to said minuend
input of the first subtractor during a first circulation cycle,
this cycle corresponding to a determined number of pulse
groups, carry detection means made operative by clock
pulses and connected to said carry output of the first sub-
tractor to detect whether a final carry pulse is produced
at said output for the latest position of the final group
of said first cycle, said carry detection means controlling
said circuit control device, when such a final carry pulse
is detected, so that said output of the delay network will
be operatively connected to said subtrahend input of the
first subtractor during a following second circulation cycle.

4. Electronic computing arrangement as claimed in
claim 3, in which said circuit control device comprises two
gating devices with each an input terminal connected to
the output terminal of said delay network, the first one
being connected to said minuend input and the second
one being connected to said subtrahend input, and a bi-
stable trigger circuit having an input comnected to said
carry detection means and selectively controlling said
gating devices in order that, as long as said final carry
pulse does not occur, the trigger circuit remains in an
unset condition thereby causing said first gating means
to be oberative, whereas as soon as said final carry pulse
is detected, the trigger circuit assumes a set condition
thereby causing said second gating means to be operative,

5. Electronic’ computing arrangement as claimed in
claim 4, in which said carry detection means comprises
a gate circuit under control of timed pulses with a repeti-
tion rate such that it can transmit a final carry pulse at
the end of said second circulation cycle to the said trigger
circuit for switching the latter from the set condition to
the unset condition.
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